Introduction
Chronic intermittent (pulsatile) administration of Gn-RH as a new mode of treatment of infertility in women with hypothalamic amenorrhoea is based upon the following new physiological and pathophysiological findings. There is indirect evidence that Gn-RH is secreted by the hypothalamus in a pulsatile fashion with an average frequency of one pulse every 90-120 min in ovariectomized rhesus monkeys, hypogonadal women and during the proliferative and periovulatory phases of the human menstrual cycle (Dierschke, Bhattacharya, Atkinson & Knobil, 1970; Yen, Tsai, Naftolin, Vandenberg & Ajabor, 1972) . Direct evidence for this secretory pattern is provided by measurement of immunoreactive Gn-RH in the portal stalk effluent of the rhesus monkey (Carmel, Araki & Ferin, 1976) .
The physiological significance of the pulsatile pattern of Gn-RH secretion did not become apparent until recently, when it was shown that pulsatile, but not continuous, administration of Gn-RH was able to maintain pituitary gonadotrophic function in rhesus monkeys, in which endogenous Gn-RH secretion had been abolished by lesions in the medio-basal hypothalamus seems to be essential in the mediation of chronobiological signals and positive feedback reactions, but the assumption of such a 'cyclic centre' appears no longer to be justified for the primate (Nakai, Plant, Hess, Keogh & Knobil, 1978) in which the function of the hypothalamus in the regulation of the menstrual cycle appears to be 'permissive' only. This concept was based upon the observation that in female rhesus monkeys with hypothalamic lesions, which abolish endogenous Gn-RH secretion, the pulsatile administration of an unvarying amount of Gn-RH at a physiological frequency induced menstrual cycles which were not different from spontaneous ones (Knobil, Plant, Wildt, Belchetz & Marshall, 1980) . Hypothalamic amenorrhoea is considered as a defect of hypothalamic Gn-RH secretion (Leyendecker, 1979) . Severe hypothalamic amenorrhoea can be compared with the functional state of the rhesus monkey following destruction of the arcuate nucleus of the medio-basal hypo¬ thalamus. In women with severe hypothalamic amenorrhoea, pulsatile administration of Gn-RH at a frequency of 90 min resulted in follicular maturation, ovulation and corpus luteum formation, thus showing that the concept of the permissive function of the hypothalamus developed in the rhesus monkey could be extended to the human female (Leyendecker, 1979 ;  Leyendecker, Struve & Plotz, 1980a) . These results also indicate that pulsatile administration of Gn-RH could be used as a new mode of treatment of infertility in patients with hypothalamic amenorrhoea (Leyendecker, Wildt & Hansmann, 1980b) . Since its first introduction, pulsatile administration of Gn-RH has been applied to patients with different forms of hypothalamic amenorrhoea, using different protocols of treatment (Crowley & McArthur, 1980; Keogh, Mallal, Giles & Evans, 1981; Schoemaker, Simons, van Osnabrugge, Lugtenburg & van Kessel, 1981) . It will also be used as a tool of physiological and pathophysiological research. In this paper a concept of the pathophysiology of hypothalamic amenorrhoea is presented, a classification of the hypothalamic impairment is proposed and the results of pulsatile administration of Gn-RH are described.
Pathophysiology
The relationship between psyche and ovarian function is well known. Terms such as stress, psychogenic, situational or 'Notstands-' amenorrhoea have been used to describe this phenomenon. The term hypothalamic amenorrhoea was initially coined by Klinefelter, Albright & Griswold (1943) to characterize amenorrhoea of suprapituitary origin. Probably due to some cases described in their publication, this term, however, was later confined to psychogenic amenorrhoea (Reifenstein, 1946; Quigley, Sheehan, Casper & Yen, 1980) . In this paper, the term hypothalamic amenorrhoea is used in its broader original sense. The view has been proposed that the common mechanism of this dysfunction is a lack of adequate stimulation of the pituitary by Gn-RH (Leyendecker, 1979; Leyendecker, Wildt & Plotz, 1981 (Fries & Nillius, 1973) . Sometimes a temporary weight loss is the only indication of this stress (Warren et al., 1975) . In women with previously normal menstrual cycles and an overt association between stress and the development of secondary hypothalamic amenorrhoea there is a great likelihood of spontaneous improvement of ovarian function as soon as the psychogenic disturbance is no longer present (Kaufmann, 1951 Ovarian biopsies in patients with amenorrhoea revealed that there is a considerable follicular growth (Nakano, Hashiba, Washio & Tojo, 1979 Once the critical threshold of the Gn-RH dose is surpassed there seems to be a dose-response relationship between the dose of Gn-RH administered per pulse and the ovarian response, as reflected by oestradiol and progesterone levels in serum (Text-fig. 7 ). The mean oestradiol and progesterone levels of the cycles induced with 15-20 µg/pulse were all above those obtained in cycles with 2-5-5 µg/pulse. Both were higher than those observed in normal menstrual cycles (Leyendecker, Hinckers, Nocke & Plotz, 1975) . The results depicted in Text- fig. 7 were all obtained in patients suffering from grade 3b hypothalamic amenorrhoea.
Duration of the follicular phase
The duration of the follicular phase after pulsatile administration of Gn-RH is a reflection of the ovarian functional status at the beginning of the Gn-RH substitution. As indicated by ovarian biopsies (Nakano et al., 1979) and ultrasonography of the ovaries, there is an increased chance of developed or even dominant follicles being present in grades 3a and 2 of hypothalamic amenorrhoea. Ultrasonographic follow-up demonstrates that there is a 'cyclic' growth of these follicles ('occult anovulatory cycles'), which can reach a size of 14-18 mm in diameter before they become atretic (G. Leyendecker & L. Wildt, unpublished observations). This also resembles the prepubertal state, in which the ovaries contain a population of 'cyclically' growing large antral follicles which become atretic (Peters, 1979) . Proliferative phases of short duration, ovulations and conceptions show that these follicles can be further stimulated and bear a competent egg. The first child born after induction of ovulation with Gn-RH resulted from such a large antral follicle which was present before initiation of treatment (Leyendecker et al., 1980b) . The presence of large antral follicles explains the observation that there is an immediate dramatic rise in serum oestradiol levels in some patients with the onset of Gn-RH substitution (Leyendecker et al., 1980a) .
The average length of the follicular phase was 17 days (range 15-19 days) in grade 3c, 14 days (range 12-18 days) in grade 3b, 10 days (range 6-15 days) in grade 3a and 9 days (range 2-14 days) in grade 2 of hypothalamic amenorrhoea. When a second treatment cycle was started immediately after the first in grades 3c, 3a and 2, the duration of the follicular phases equalled those of grades 3b and of the normal menstrual cycle. It is concluded that in grade 3b, before any treatment, there is a follicular status comparable with that of the beginning of the normal menstrual cycle. The duration of the follicular phases was independent of the dose of Gn-RH used. Regardless of the dose the growth rate of the dominant follicle was, with an average of 2 mm per day, comparable to that of the normal menstrual cycle (Text- fig. 8) (Hackeloer, Fleming, Robinson, Adam & Courts, 1979) .
Substitution during the luteal phase
The normal luteotrophic hormone in the human is pituitary LH (van de Wiele et al., 1970) . In severe hypothalamic amenorrhoea luteal function immediately ceases following termination of pulsatile Gn-RH substitution a few days after ovulation . Continuation of pulsatile administration of Gn-RH during the whole luteal phase resulted in normal luteal function as indicated by the length of the luteal phase, the progesterone levels in serum and conceptions (Table 2) . Previously, it was suggested that luteal function should be supported by 1-3 injections of 2500 i.u. hCG once ovulation had been obtained by Gn-RH (Leyendecker et ai, 1980b) . There is, however, no indication on the basis of our data ( Table 2) These favourable results are obtained due to a physiological stimulation of the ovaries during chronic intermittent administration of Gn-RH. On the basis of operating negative and positive feedback mechanisms of the ovarian steroids on the pituitary secretion of the gonadotrophins during treatment, the follicle itself regulates the required amount of gonadotrophic stimulation. However, since there is a dose relationship between the Gn-RH dose per pulse applied and the reaction of the pituitary-ovarian axis, the lowest dose of Gn-RH that reliably induces ovulatory cycles should be chosen. The method is well accepted by the highly motivated patient.
